Abstract. Global reinsurer Munich Re has been collecting data on losses from natural disasters for almost four decades. Together with EM-Dat and sigma, Munich Re's NatCatSER-VICE database is currently one of three global databases of its kind, with its more than 30 000 datasets. Although the database was originally designed for reinsurance business purposes, it contains a host of additional information on catastrophic events. Data collection poses difficulties such as not knowing the exact extent of human and material losses, biased reporting by interest groups, including governments, changes over time due to new findings, etc. Loss quantities are often not separable into different causes, e.g., windstorm and flood losses during a hurricane, or windstorm, hail and flooding during a severe storm event. These difficulties should be kept in mind when database figures are analysed statistically, and the results have to be treated with due regard for the characteristics of the underlying data. Comparing events at different locations and on different dates can only be done using normalised data. For most analyses, and in particular trend analyses, socio-economic changes such as inflation or growth in population and values must be considered. Problems encountered when analysing trends are discussed using the example of floods and flood losses.
Global databases of natural disaster losses
Natural disasters are unique events. Many factors play a role in how and to what extent the various consequences of a natural event are generated. They interact and produce a complex process. In order to include a disaster in a database, and render different occurrences comparable, its details have to be condensed into a set of descriptive terms and figures, which could be called meta-data. These comprise fatalities, numbers of people injured, homeless, and affected, material damage to buildings and infrastructure, monetary losses, and key concepts describing certain features. The sum total of these figures constitutes what we call natural catastrophe loss data, or in short, nat cat loss data.
Loss databases relating to current and historical natural catastrophes have become a valuable instrument, serving purposes ranging from risk assessment in the insurance business and socio-economic analyses to providing background for decision-making or simply, bringing natural disasters worldwide into the public eye. They are, therefore, utilised by numerous scientific institutes, researchers, national and international governmental and non-governmental organisations, the media, and of course the financial and insurance sectors.
In the case of the latter, observed losses were formerly an indispensable part of proper risk assessment. This still applies to those regions where mathematical risk models (loss estimation models) are not available. Indeed, where they are available, loss data are needed to calibrate and validate the models. In a general context, such as the United Nations' goal to substantially reduce natural catastrophes, as specified by the Hyogo Framework for Action (UNISDR, 2007) , they are one means of measuring progress towards achieving the goal. International organisations such as the United Nations and the European Union, many national and provincial governments and even private companies in all sectors, and from local to global players, include these data in their strategic planning processes and disaster mitigation measures.
This vast usage of nat cat loss data imposes a heavy responsibility on database operators. It is vital to ensure that the underlying data are of the best possible quality and that this same quality standard is maintained throughout all the available datasets. Consequently, catastrophic events must be studied carefully and professionally by the institutions collecting the loss data, and then registered on the basis of defined criteria, irrespective of whether the events in question are past or current.
At present, there are three global, multi-peril database operators whose data are used and quoted regularly: (Vos et al., 2010) . It is the most cited database, having been fully accessible to the public until recently. Analyses are published in an annual report and in occasional newsletters focusing on specific topics.
While all three databases contain the same overall information -such as economic losses, fatalities, numbers injured and affected, damage to infrastructure and buildings -the focus of EM-Dat is primarily on the humanitarian aspects, whereas the two reinsurers concentrate more on accurately reflecting the material losses . The three databases also apply different documentation thresholds (see Sect. 2.2). The following descriptions and discussions relate to the NatCatSERVICE database unless otherwise specified. As a rule, the statements made also apply to the other two databases.
2 Nat cat data management
Definitions and terminology
Clear and explicit standards, methodologies and definitions are essential factors in managing a natural catastrophe database, i.e., combining, merging and supplementing data, and comparing it with other databases. As a first priority, the peril terminology and definitions must be used in an unequivocal way. The three operators, together with UNDP (United Nations Development Programme) and ADRC (Asian Disaster Reduction Center), accordingly developed an internationally recognised standard applying to disaster-category classification and peril terminology ). This standard permits the comparison of data records and analyses produced by different organisations. One definition not included in this agreement is the distinction between natural disaster and natural catastrophe, two terms that are normally used synonymously. We suggest using them in a more precisely defined way as shown in the Appendix A.
In the following, the generic term natural "disaster" (rather than "catastrophe") is used to designate events regardless of the extent of loss (c.f. Appendix A). We acknowledge, however, that the short form "nat cat" is a well-established component of a number of terms. Therefore, even though it would, for instance, be more appropriate to refer to "nat dis" rather than "nat cat" loss data, we use the latter in established concepts to comply with existing usage.
Identification and size of a natural disaster
Natural disasters that qualify for inclusion in the database are defined as losses that occur due to natural phenomena. These losses include loss of life, injury, resulting poor living conditions and material damage, but not indirect economic loss and adverse ecological impacts (as long as they do not entail costs).
The different focuses of the database operators result in different definitions of natural disaster, requiring specific entry criteria. The sigma database (overall loss of US$ 86.6 m, insured loss of US$ 43.3 m, both in 2010 values; 20 fatalities/people missing) and EM-Dat (more than ten fatalities and over 100 people affected) use quantitative thresholds as the minimum entry criteria. In EM-Dat, an entry is also made in the event, a state of emergency is declared or an appeal for international assistance made. The general criteria applied by NatCatSERVICE are lower, a loss dataset being created as soon as harm to humans (fatality, injury, homelessness) or property damage is involved; as a consequence, NatCatSER-VICE documents more events than the other two databases. The events are classified into seven catastrophe categories ( Fig. 1) , depending on the extent and severity of impact: from a purely natural occurrence with no impact (Cat 0) to a great natural catastrophe (Cat 6) (Munich Re, 2006) .
In addition, the insurance industry needs to clearly define the temporal and spatial extent of a loss event, because this can have major consequences for indemnification. This aspect is discussed in detail in Sect. 3.3.
Types of natural disasters
The operators of the three electronic global loss databases cover the entire range of natural hazards. They differentiate between six hazard families, consisting of various event types:
-Geophysical and geological events (earthquake; volcanic eruption; tsunami; subsidence due to geological causes; "dry" landslide caused by earthquake, volcanic eruption, or geological processes; rockfall) Despite this essentially distinct classification, in practice, to which group or family a given event should be assigned is not always completely clear. A detailed discussion of the problems and the consequences thereof will be found in Sects. 3.1 and 3.2.
Event data
While the idea of making an entry in the database is to describe a disaster in as much detail as possible, the information and data actually available often fall somewhat short of the quality requirements. Figure 2 shows a sample entry (Hurricane Ike).
Sources of information
Sources of information can be grouped into six categories:
(1) insurance industry, (2) science and research, (3) UN, EU, administrations, governmental and non-governmental organisations, (4) meteorological, geological, etc., services, (5) news agencies, (6) other sources. Basically, no source which may contribute to the database is excluded from the outset. For quality assurance purposes, every report is validated, evaluated, cross-checked with other sources and marked to indicate its credibility. Over the years, this procedure has led to the categorisation of frequently used sources: those with a high rating from the beginning, those that are basically trustworthy, but only to be used if verified, and finally those which may give valuable indications, but cannot be taken at face value without due verification.
In recent years, it has become much easier to identify and investigate natural disaster data -largely thanks to the internet. At the same time, it has become even more important to ensure that the sources are robust and sound. NatCat-SERVICE uses around 200 sources identified as reliable for particular regions and/or types of event. Despite first-class sources, the analysis process can be fraught with problems. Typical challenges include erroneous reports, using incorrect currency-conversion factors, double counting of casualties and inconsistent use of terms. These problems will be discussed in Sect. 4.
Disaster loss reports are often duplicated and further disseminated. It is always possible that the information content will be changed due to abridgement, editing or simply human error. Database operators, therefore, have to test the quality of the figures they obtain. NatCatSERVICE's evaluation system assigns a quality level on a scale of 1 (very good) to 6 (inadequate) to every data record. Although data records of quality level 4, 5 or 6 are not up to the database standard and not used for analysis purposes, they are still incorporated in the stored data in order to retain the available information.
Complex events

Multi-peril events
In the aftermath of Hurricane Katrina, a large number of lawsuits were issued hinging on whether houses on the beach were destroyed by the hurricane's wind forces or by its storm surge. The background to these cases was the fact that, in the USA and a number of other countries, (flood) water damage and wind damage are covered under different insurance contracts. An owner may be compensated if his house is destroyed by a storm, but not if his insurance company can prove that the damage was caused by water. Where both causes are involved, the situation is further complicated by such issues as: How does the damage break down? What happened first? Were there interactions between the different causes?
Most natural events manifest themselves in more than just one way, entailing primary, secondary and even tertiary perils. Tropical cyclones often bring not only high wind speeds, but also storm surges and torrential rain, which in turn may lead to landslides; a convective storm can be accompanied by gusts, hail, torrential rain (causing flash flooding), lightning and sometimes even tornadoes; an earthquake can trigger a tsunami or landslides, or may cause fires; heatwave and drought can result in subsidence due to soil shrinkage and sets the stage for wildfires. These examples show that the task of categorising natural hazard events is not a simple one. On the other hand, unambiguous categorisation is essential so that sectoral statistical analyses of specific hazards can be conducted and data entries compared. It is also crucial in order to resolve certain insurance-related issues, as illustrated above with Hurricane Katrina.
Disaster events are entered into the database according to triggering natural hazard (primary hazard) event or main cause of loss. Hence a tsunami triggered by an earthquake, for example, is listed in the database as "geophysical event/earthquake/tsunami". This permits analyses on multiple thematic levels, be it looking at the number of geophysical events and the losses involved, or taking a more detailed look at earthquakes, or even specifically at tsunamis. In such cases, classification is clear and easy, whereas a flash flood can be created by a severe (convective) storm also featuring hail, wind gusts, etc., in which case it would be classified as "meteorological event/storm/severe storm/flash flood", or it may be the sole damaging impact of a thunderstorm, which makes it a "hydrological event/flood/flash flood". Usually, when analysing one specific peril class, the number of occurrences poses no problem. But even simple comparative, descriptive statistics may cause major problems, such as how to respond to the following request: "How many flash floods, how many hailstorms, how many destructive convective windstorms and how many tornado disasters happened in Italy in a given time period?" Assuming we had 30 floods, 20 hailstorms, 20 windstorms, 5 tornadoes and 25 multi-peril events made up of more than one of the single hazards, altogether this would make 100 disasters. If we added the damaging causes from the multi-peril events to the four specific classes, we would obtain the correct number of damaging flash floods, hailstorms, etc., but the sum would exceed 100. If we assigned the cause of the main losses to the multi-peril event, the total number of events would be maintained, but (some of) the specific events underrated.
The problems become even more acute when loss numbers are attributed to the various components of multiple-peril events. It is rarely possible to split the overall loss into, for example, flood losses and windstorm losses. An example is provided in Sect. 7.2. Furthermore, we have to consider loss occurrences caused by, for instance, flooding after the failure of a tailings dam. This is clearly not a natural disaster if the dam broke because it was poorly maintained. However, had it failed because it overflowed during an extreme rainfall event, it might be difficult to decide whether the failure was due mainly to the natural cause or to a design fault or poor maintenance (a liability rather than a natural-disaster issue). Such events tend to be classified erroneously as natural disasters (e.g., Stava, 1985 , China 1938 1 , showing that strict database management is needed to ensure the right items are included or excluded. If the database operators reach different conclusions on how such cases should be handled, this could, of course, result in discrepancies between the different databases.
Many wildfires are started by arson or technical causes (e.g., sparks from an engine), hence clearly by a non-natural hazard. Nevertheless, they are treated as natural disasters as the necessary preconditions for a wildfire to spread are weather-related and the actual trigger is not the crucial factor.
Storm beats flood
In many countries, at least in the western world, storm (including wind and hail), on the one hand, and flooding, landslide, earthquake, etc., on the other, are covered by different insurance policies. Almost everywhere, the insurance penetration for storm is much higher (typically 70-90 %) than for other perils (often less than 20 %).
Subsequent to multi-peril events, we are normally given only one overall figure for the combined losses. Since the NatCatSERVICE database, historically at least, was intended primarily for insurance purposes, and combined events tend to produce much higher insured losses than flooding, all losses from convective storms, tropical storms and winter storms are classified as storm unless the windstorm losses are virtually negligible compared with other loss causes, e.g., flood. There is, however, one exception. If the vast majority of losses from a convective event are attributable to water, that event is classified as flood. This exception does not apply to tropical storms given a name by the relevant institution (e.g., National Hurricane Center, Japanese Meteorological Agency); in these cases the losses are considered storm losses, even if produced exclusively by flooding or wave action. A prominent example is Tropical Storm Allison, which caused flood losses of US$ 6.5 bn in the US in 2001, but practically no windstorm damage. These storm losses are included not in the (regular) flood statistics (as hydrological events), but in the storm statistics (as meteorological events). Another example is the low-pressure system Hilal, which struck Central Europe in 2008, causing flood, hail and windstorm losses of US$ 1.7 bn. What share the individual loss components accounted for was the subject of guesswork.
This procedure may be regarded as arbitrary or even as a database design error, but there is no alternative. The proportions accounted for by storm, flood and other losses are seldom known in the case of complex events. Indeed, it is difficult enough to obtain (reasonably accurate) overall loss figures, and so we have to lay down a standard procedure.
Anyone unaware of these peculiarities inherent in the NatCatSERVICE who runs analyses using the data published solely for information purposes is likely to obtain biased or even erroneous results. It is crucial to know what the data represent before subjecting them to mathematical and statistical procedures.
Consecutive and multi-country events
In contracts between primary insurers and reinsurers the definition of "loss event" plays an important role. The reinsurer typically has to pay only if the primary insurer's loss exceeds a specific amount (the priority or retention). Its obligation to pay is also subject to an upper limit (the limit of liability). Therefore, it is important to clearly define what constitutes a loss event in temporal and spatial terms. Distinguishing between different events is usually straightforward in the case of earthquakes and windstorms. The earthquake epicentre and time of occurrence are precisely known and losses occur instantaneously and can be directly related to the natural event. Even aftershocks are rarely the subject of dispute. Windstorms are produced by certain meteorological conditions and usually by a distinct pressure distribution in the atmosphere (or a "low"), which also allows the damage to be attributed in a particular way.
In the case of floods, attribution is often much more difficult, as their occurrence and intensity also depend on weather conditions prior to the event. Extreme rainfall may not necessarily trigger a basin-wide flood if it encounters a dried-up catchment, but lead only to sporadic losses. However, it may set the stage for a subsequent disaster, given even moderately intense precipitation, if the region is saturated and has no remaining retention capacity. Flood losses will then occur everywhere, including locations where the first event has already caused losses. From a hydrological point-of-view, the two events have to be seen in context. The issue the insurance industry has to address is: Do we have one loss event or two? In the case of two events, the primary insurer has to bear the retention twice. In the case of one event, the aggregate loss may exceed the limit. Depending on the losses actually incurred, either of the two may be disadvantageous for the primary insurer.
Two relatively recent examples of large floods illustrate this conflict. The August 2002 floods in Central Europe were produced by two consecutive lows, Hanne and Ilse, following each other on almost the same track. Reinsurers and insurers agreed that this constituted two events. The first produced overall losses of US$ 5bn, the second US$ 16.5 bn. The effect of this agreement is that the European flood event of August 2002 is represented by two entries in NatCatSERVICE and sigma, and by only one event in EM-Dat, which is not concerned with the insurance implications.
In 2007, Great Britain experienced a period of rainfall lasting several weeks during June and July. There was no pronounced pattern in the areas hit by rainfall during this period, flood losses occurring in some areas in the first few weeks, in neighbouring areas much later, and in some places more than once. Nevertheless, we were able to distinguish two major meteorological systems and accordingly declared there to have been two events. Since it was practically impossible to relate the insured losses (still less the uninsured, e.g., infrastructure, losses) to one or the other of the two, the total insured amount of £3 bn (US$ 6bn) was divided into two equal parts. From a hydrological point-of-view, we could also have chosen one event with a loss of £3 bn. The overall losses were derived from insurance penetration statistics for the UK.
The examples show that, even if all the loss figures are correct, we cannot produce a completely objective statistical analysis. There are always (semi-)subjective aspects involved. In terms of European flood losses, the two floods that occurred in the United Kingdom in 2007 would be ranked sixth and seventh, whereas combined into one event they would constitute the fourth most expensive European flood event. Consequently, we need to openly state how the data are processed, explain the background to the decisions we have taken, point out the problems involved and specify what assumptions we have made. This ensures statistical analyses are transparent and can be seen in their proper context.
Despite this policy, we are sometimes faced with publications in which our data (or rather our figures) or subsets thereof are used for mathematical and statistical operations without the authors' understanding what they represent. The results of these analyses need to be interpreted very carefully and, in some cases, questioned, because the datasets analysed do not reflect what the authors assume.
Financial or human losses sustained in several countries during one event are registered in the database as "region events". A region event is an all-embracing data record, containing information relating to all the countries affected. In addition, detailed information is available in the country records. This hierarchy permits analyses at the event as well as on a national level. Multi-country events are only counted once in the database.
The problem we face with multi-country disasters is that one natural event can produce different types of loss in different countries. A hurricane making landfall on the southern side of the Yucatán peninsula and producing storm surge and windstorm losses in Belize, may cause windstorm losses only in Mexico and flood losses only in Honduras and Guatemala. Based on the above standard, all the losses will be related to the hurricane, i.e., the meteorological event. This event would not be considered for the purpose of a statistical analysis of floods in Honduras by anyone not having access toand taking into consideration -further knowledge. Only direct access to the database and a sophisticated analysis procedure will yield the correct result.
Accuracy and reliability
Reporting bias
We live in an era of communication. The internet, mobile phones and Twitter services enable us to receive news about anything and everything from even the remotest places on Earth. Satellites are able to show occurrences and measure physical parameters day and night and at any spot on the globe. Nowadays, we can assume that we will find out about any natural disaster that happens, even local and small-scale ones, wherever they occur. This was not so until about two decades ago, and so we have to deal with a biased news flow to the database when we look back more than 20 yr. The further we go back in history, the greater the bias. However, this applies only in general terms and on a global level. We can assume in the case of Western Europe and North America, for instance, that the bias will not have been too great over the past 30-40 yr.
Apart from developments in communication technologies, political restrictions and boundary conditions have changed. Today access to internal information is denied or hindered by very few countries. Not long ago, many states in the Eastern Block, East Asia, South America and Africa felt they should not share information on the type of events that occurred and the losses they caused with the rest of the world.
One kind of reporting bias we still face is deliberately introduced by certain interest groups within the region affected, and in particular governmental (national, provincial, local) entities. The idea may be to amplify the losses (in order to obtain more international aid) or to understate them (in order to conceal deficiencies in disaster-preparedness, mismanagement or corruption). One example: In 1975, Banqiao dam on the Ru River in the Henan province of China broke and triggered the failure of several dozen other dams downstream. Tens of thousands of people died, but it was not until September 2005, when the files were opened, that the event was made available to the general public. Fortunately, we have developed techniques that enable us to reveal many such inconsistencies. One is simply long-term experience and another (the most important) is to cross-check against reports from other independent sources. There are normally reports from government sources and aid organisations and often even our own researchers in the field give independent loss estimates which can be compared with each other, ultimately giving a reasonably clear picture, at least, in the case of significant disasters. In recent years, mathematical risk models used in the insurance industry to assess potential large losses have acquired increasing importance for the assessment of actual losses. If suitably adjusted to reflect the specific features of the event, they can reproduce the actual total damage sometimes surprisingly well.
The accuracy of reported loss data depends on the country where the disaster occurs. Natural perils for which there is a high level of insurance penetration in the country concerned yield extremely reliable loss figures, e.g., storm losses in fully developed insurance markets (such as North America, Western Europe, Australia or Japan). If most of the losses are insured, uncertainty can only arise in respect of a relatively small residual amount (e.g., infrastructure damage). Countries with a highly developed governmental cost-surveillance administration thoroughly investigate what happened in order to draw conclusions concerning future protection measures, legislation and preparedness. Societies differ as to how much their actions are based on a formal review of the situation and a decision taken in the light of the respective costs and benefits, culminating in its implementation at the end of the relevant decision-making process. In some cases, the solution may be ordained by a political leader, e.g., Chairman Mao's pronouncement following the devastating flood in China's Hai River basin in the vicinity of Tianjin in 1963. On 17 November 1963, at the "Hebei fighting against flood exhibition" he inscribed the slogan: "We must cure the Hai River from the root" (PictureChina, 2010). The solution was a huge control system that prevented subsequent catastrophes, but at very high monetary cost.
The smaller the consequences of a natural extreme event (i.e., only a small area is affected), the lesser its impact on politics and business, the smaller the effort to produce accurate loss figures, and the greater the need to rely on a handful of sources or even a single source. The resulting reports can only be checked by comparing them with similar events in the same region. Although reporting bias over time may be encountered in the case of small disasters, it can largely be eliminated where great catastrophes are concerned. A great natural catastrophe (GNC) leaves traces in a society's records which allow us to establish what happened, even decades after the event. Moreover, states, communities and the insurance industry have a special interest in knowing the extent of losses from great catastrophes. We at Munich Re have identified GNCs worldwide since 1950 and investigated their respective impacts very carefully. Hence, we can assume that the reporting bias in NatCatSERVICES's catastrophe category 6 (GNC, c.f. Fig. 1 ) is small and its time series consistent.
Reporting errors
Reporting errors (hopefully) occur unintentionally. Errors may arise from a number of sources, the most prominent being faulty translations and the conversion of currencies and units. For instance, 1000 square miles may become 1000 km 2 , or RMB 1bn US$1 bn (almost ten times as much). Simple calculation errors such as multiplying a number by the currency conversion rate instead of dividing it may go unnoticed, especially if the conversion rate is close to 1.0 (as in the case of C vs. US$). Zeros may be deleted or added. We have to check whether the American "billion" unit (1000 000 000 or 10 9 ) has been correctly translated into German, Italian, French "milliard(e)", "miliardo". In these languages "billion(e)" refers to 1000 000 000 000 or 10 12 . Even American and British English differ in this respect.
Usage of descriptive words may also lead to wrong conclusions. The term "victims" is used by some to mean "deaths" and by others "those affected". Similarly, "affected" can mean "actually suffering from damage or harm caused by a natural event" or simply "living in the area where the event took place". Again, "200 000 ha of farmland affected" can mean "200 000 ha under water" or that some unspecified tract of "farmland in an area covering 200 000 hectares was flooded". An example: the affected area in reports on the 1998 Yangtze flood ranged between 25 million hectares in press reports, 21 million according to Chinese Vice-Premier Wen Jiabao and the World Food Programme, 7.4 million as reported by the UN Disaster Management Team, 2.8 million in the final report of the UN Disaster Assessment and Coordination Team (UNDAC) and 497 760, the figure officially released by the Chinese Ministry of Agriculture (Sauer, 1999) . While the latter may refer only to agricultural land (although even this is not certain), the other numbers still range within a factor of nine. During the Queensland floods in Australia at the turn of 2010, almost every news report quoted, "floodwaters (...) cover an area the size of France and Germany combined" (e.g., USA TODAY, 2011), i.e., about 904 000 km 2 , which is almost exactly half the size of Queensland (1852 000 km 2 ). Again "flooded" was confused with "affected by floods". The original quote by Queensland's state Premier Anna Bligh had been: "We now have 22 towns or cities that are either substantially flooded or isolated because the roads have been cut off to them. That represents some 200 000 people spanning an area that's bigger than the size of France and Germany combined" (ABC, 2010). The first step in preventing such errors is to check the plausibility of the figures by relating them to the spatial extension of the region/country for which the event is reported, its overall wealth and former events. This procedure usually identifies gross errors. A cascade of other checks is subsequently applied, but it must be admitted that the final result is almost never devoid of uncertainty.
Estimating losses
Financial loss is the most important parameter in the NatCatSERVICE database. It is subdivided into two categories: insured losses and overall losses. The figures for the insured losses are relatively reliable because they reflect claims actually paid by insurance companies. Assessing overall losses is more complex.
What are economic losses?
The term "economic loss" does not have a uniform definition. It is important to differentiate between "direct losses", "indirect losses" and "secondary/consequential losses". While there is some ambiguity as to what exactly is to be understood by these three classes of loss, Munich Re defines them in the following way (Munich Re, 2001 ): Direct losses are immediately visible and countable (loss of homes, household property, schools, vehicles, machinery, livestock, etc.). They are always calculated on the basis of replacement and repair costs. Problems arise when it comes to estimating the value of historical quarters and cultural heritage that have been destroyed. Another aspect is that damaged structures (e.g., dykes) are upgraded -while being repaired or replaced -to a higher safety and, hence, value level. While actual loss quantities should refer to damaged items, the figures in fact usually refer to costs.
Indirect losses include, among others, higher transport costs due to infrastructure damage, loss of jobs and loss of rental income. Two types of insured indirect loss are business interruption (BI), e.g., where production is halted because the insured's plant is flooded, and contingent business interruption (CBI), where it is halted because a supplier's plant is flooded or where finished products or parts cannot be delivered because the recipient company is not operational.
Consequential losses (secondary costs) apply to the economic impact of a natural disaster, for instance in the form of reduced tax revenues, lower economic output, reduced GDP or a weaker currency. On the other hand, reconstruction efforts normally stimulate the region's economy following a catastrophe, and lead to gains that compensate part of the losses.
How overall losses are estimated
Amounts entered as overall losses in the NatCatSERVICE database include only direct losses; indirect and consequential losses are not taken into account. As of 1 January 2012, more than 20 000 disaster events had been registered for the period 1980-2011, and stored in about 25 000 datasets (multi-country events requiring one regional dataset plus one for each country affected). About a third of the entries for specified overall losses are based on official sources such as governments and statistical and financial authorities. A similar share is reported by EM-Dat. If no official information is available, overall losses are estimated on the basis of insurance claims and/or other available loss indicators.
Estimating total losses on the basis of insured losses is usually reasonably efficient. Firstly, the latter are much better known because national insurance associations collate the respective inputs of their members. Since the national, regional or local insurance penetration (i.e., the percentage of insureds) for the different perils and countries is normally known, the overall losses can be extrapolated from the insured losses. The greater the insurance penetration, the more accurate the extrapolation results -at least in the case of windstorm. Where floods and, to an extent, earthquakes are concerned, and a far higher percentage of -usually uninsured -infrastructure damage is involved, the extrapolation results are less accurate. Unlike overall losses, indirect BI and CBI losses are included in the insured loss figures and may, as for example following Hurricane Katrina, assume substantial proportions. At that time, cable TV stations and credit card companies received tens of millions of dollars in CBI compensation for lost business (according to Munich Re's internal records). CBI cover is not particularly widespread, however.
If no known insured loss figures are available, the overall loss is estimated on the basis of other parameters. These include the type of natural disaster and its duration, the region affected (urban or rural), population density, level of prosperity, properties damaged, infrastructure, utility and other supplies, number of injured, homeless and fatalities. All available data are plotted in a matrix and weighed. The events are then assigned to a catastrophe category. Comparable disasters in the region for which detailed and well-referenced overall loss data are available are additionally filtered with the aid of an approximation process. The events are clustered and realistic values obtained for individual units (e.g., average value of residential buildings) (for details see Wirtz et al., 2012) .
Loss history
Media reports very often publish loss estimates immediately after a catastrophe. However, such early estimates are not particularly reliable, losses sometimes being overestimated at the outset, in the hope of generating additional emergency aid. More often, the loss figures increase over time as the real extent of the catastrophe evolves.
The loss history reflects changes in the estimated overall and insured losses of a disaster event over time. It can be segmented into three phases:
-The first phase is the evolvement of an ongoing crisis, as a natural event progressively affects more and more areas or increases in severity to the point where the hazard returns to normal again. This phase may last a few days in the case of tropical and extra-tropical cyclones, as the wind field moves on, or from several days to several weeks in the case of flood waves in large river basins, and from several weeks to several months in the case of volcanic crises, heatwaves, cold spells, wildfires and droughts. The first phase of short, instantaneous events such as earthquakes, tornadoes, storm surge or flash floods is actually a specific point in time. In such cases, the subsequent (two to seven) days, during which most of the search and rescue activities are completed, should be considered the first phase.
-The second phase is the aftermath of the catastrophe, when loss surveys are conducted. Ideally, such reports are initiated by the governments in the affected regions. However, it may also be necessary to perform the arduous task of putting together pieces of information from different regions like a puzzle. In the case of insured losses, the national insurance associations and supervisory bodies concerned usually provide accumulated loss figures, as do specialised modelling companies and reinsurers, these being based on simulations and calculations performed, among others, with the aid of their nat cat loss models, if they are available for the region or country affected.
-The third phase is of indeterminate duration. Loss figure updates sometimes become available many years after an event as a result of long-term scientific studies, final reconstruction-cost figures, or the outcome of lawsuits.
The loss history is recorded as shown in the lower lines of the screenshot reproduced in Fig. 2 . Figure 3 shows the loss history for insured losses (from various sources) based on the example of Hurricane Andrew (1992). Andrew made landfall on 23 August and swept across Florida. In the first five days following landfall (phase 1), losses were initially estimated to be in the order of US$ 3 bn-5 bn. As loss adjusters began to report on the situation in Dade County, north of Miami, the focal point of the losses, the figures were initially revised downwards in the light of their observations and then gradually revised upwards (phase 2). They continued to rise in the months that followed -a feature typical of large catastrophes. Usually the final insured loss figure is known about one year after the event. Sometimes, e.g., if lawsuits concerning the payouts are pending, as with the 1994 Northridge earthquake and Hurricane Katrina in 2005, the final figures may be available only several years after the event, a situation encountered more frequently in the case of overall losses. Following large natural catastrophes, governments, UN agencies and organisations of the UN system, the EU, universities, the World Bank, other development banks and large NGOs (e.g., the International Federation of Red Cross Societies) conduct or initiate detailed assessment reports. In most other cases, the damage is repaired and the event regarded as accidental, no far-reaching and long-term conclusions being drawn, and little effort being devoted to obtaining accurate loss estimates. Since, in the case of smaller events, the figures published in the earlier phases are often the only ones produced, they must be accepted as correct.
Comparability and normalisation
A global database must be structured in a way that allows events from different time zones and regions, with different currencies and social conditions, to be combined. US dollars are the main currency used in the database, losses being converted from the local currency into US dollars at the exchange rate which applied when the event occurred.
For many years, database operators have frequently published charts showing the temporal distribution of natural disaster losses. Figure 4 shows the overall losses from weather disasters in Europe in the period 1980-2010 in original values (blue bars). As with GNCs (cf. Sect. 4.1) it is reasonable to assume little reporting bias for this period in Europe, but clearly comparing today's absolute loss figures with those of the 1980s is futile due to the many changes in social, economic, environmental and, very likely, climatic conditions. Inflation has occurred, population figures have changed, prosperity levels and the exposed values -and their susceptibility to wind and water -have increased, land use has intensified, protective and adaptation measures have been set up (with the adverse effect of reducing risk awareness).
These effects have to be eliminated by normalisation, i.e., adjusting past losses to today's values. The minimum and doubtless easiest adjustment parameter is inflation. The result produced by deflating the losses on the basis of annual US inflation rates (consumer price indices, CPI) is also shown in Fig. 4 (red portion) . To establish whether climate change is manifested in this graph, we need to determine if and to what extent the upward trend in the deflated bars is due to the net effect of socio-economic changes, the residue being attributable to a change in the hazard, and potentially to climate change. An intensive research effort is currently under way into developing methods to account for the additional normalisation aspects mentioned and identify any climate change signals in the losses (Neumayer and Barthel, 2011) .
Flood disasters
When analysing flood losses, the difficulties encountered are greater than those relating to other natural disaster data. Floods -as opposed to wind, earthquake, or volcanic eruption events -are inherently a secondary type of natural event. Their primary causes are rainfall, temperature change (snowmelt), wind (storm surge) and earthquake (tsunami).
Types of flood
The initial challenge is the fact that there are different types of flood disaster. We distinguish between four main types: river/general flood, flash flood, storm surge and tsunami. There are a number of other types, but they are less significant and can be incorporated into one of the above main categories (e.g., debris flows and glacial-lake-outburst floods bear a resemblance to flash floods, whilst lake floods are similar to river floods).
River floods usually result from intense and/or persistent rain lasting for several days or even weeks and affecting large areas. Inundation emanates from the river channel, and flood control systems, in particular dykes and reservoirs, have a significant impact on the scale of the consequences.
Flash floods (including off-plain floods) usually occur in the form of independent, localised and random events. Unlike river flooding, it is not the total amount, but the intensity of rainfall that counts. On sloping terrain, this can produce a rapidly growing flood wave, on flat terrain, the water accumulates in lower lying areas such as depressions in the terrain, cellars and underground car parks. Flash floods may last anything from a few hours to one day. They produce 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 Adjusted to high-intensity losses (i.e., high levels of damage per unit of area), but normally the affected area is comparatively limited.
Most floods occur in combination with other hazards. In the case of composite events resulting from tropical and convective storms, loss quantities can seldom be allocated to the various causes. We accordingly have to accept aggregate loss figures that include everything. It is extremely difficult or even impossible -and possibly very time-consuming -to accurately segregate the flood losses in the set of data. Local and regional flash floods, as a rule, fall in Europe within the category "severe storms". Tsunami losses are never termed flood losses. They are always related to the triggering event, e.g., to an earthquake or a volcanic eruption.
Example analysis: flood and severe storm disasters in Germany
Germany experiences river floods and flash floods quite frequently. The number of natural disasters in Germany during which a flood loss occurred is shown in Fig. 5 for the period 1980-2010. It comprises the database categories "river floods", "flash floods" and "severe storms"; of the latter (mostly convective storms with a flash flood component), only those which featured flooding are considered. River and flash flood occurrences vary between none and seven per year, with no discernible trend, while for all flood generating events the increase in the annual number is apparent. A similar result is produced if we look at a database developed under the German research project URBAS on urban 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 floods (Einfalt et al., 2006) . Urban floods can be regarded as synonymous to flash floods in the way they are defined. The URBAS project team searched for any available reports on urban floods, such as in local archives and newspapers. This involved a lot of effort, but most of these reports did not include loss figures. The resulting database included original NatCatSERVICE data, but also additional events. Figure 6 shows the annual numbers of urban floods and the portion found in NatCatSERVICE (Note: River floods are not considered here).
The above statistics on the number of flood events can be considered reasonably reliable. However, it has to be admitted that it is almost impossible to produce valid amounts for the overall flood losses. Figure 7 shows the losses from floods and wet storms simply aggregated for each year. The resulting quantities are no doubt too high, as hail and wind damage are included. The truth lies somewhere between the top of the bars and the top of the flood portion. In a way, the whole wet storm portion of the bars can be regarded as the uncertain areas of the annual loss estimates. As a rough guess, it would certainly not be too unrealistic to assume that half of the wet storm losses are caused by water. To indicate this, the wet storm losses are split into two equal parts in Fig. 7 . 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 To investigate the typical portion of flood losses in convective events, we used the qualitative descriptions of the urban flood events from the URBAS database together with the description in NatCatSERVICE to compute loss values on the basis of parameters such as number of houses, basements, underground garages, public buildings, roads, railroads, etc., flooded, by assigning average loss values and taking into account the size of the affected regions. This analysis for Germany (possible due to the limited availability of URBAS data only until 2007) yielded the result shown in Fig. 8 . In a preliminary analysis, we now can relate these quantities to the 100 % losses from convective events (upper parts of Fig. 7 plus flash flood losses) and obtain an average percentage of flash flood losses of 34 %. This percentage, however, is obtained for one specific dataset and cannot necessarily be applied generally. This analysis requires very detailed consideration of all available data, and differs strongly from simply taking the stored individual event losses from the database. It still needs more detailed investigation, but we believe it can give us a reasonable idea of the average distribution of flood and other losses in convective storms. It is certainly not too unreasonable an assumption to split it into two equal portions.
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Trends
Visually, all the figures in Sect. 7.2 display distinct upward trends. But are they significant? The term "statistical significance" plays an important role, but it sometimes seems that its real meaning is not always fully understood. Figure 4 reveals quite large differences between the linear and the exponential trend lines/curves for the respective datasets. Which one is the most representative model? Or is neither of these models valid?
Significance is not an absolute quantity. It depends on the model chosen (e.g., linear trend, exponential trend, etc.), the way the model is applied (e.g., least squares, Mann-Kendall), the level of significance (90 %, 95 %, 98 %, etc.), the length of the time series and the variance of the data points. Significance includes two aspects. First comes the question: Is there a trend (i.e., is the slope different from zero)? Secondly, the significance (certainty) of the calculated value of the trend has to be determined. The most critical, but still sometimes disregarded aspect, is the quality of the database used for the trend analysis. How great is the uncertainty in respect of each single data point? Are the data consistent? Consistent in sampling method, but also consistent in having comparable individual accuracy? Dealing with gauge readings, for example, we usually know where a possible source of inconsistency can be expected (for example, in the year when the gauge was renewed). Some of the shortcomings may not be a problem if we have a large number of data points. But when we look at loss data, we are dealing with (a) (relatively) small samples that have (b) a large size range, in particular when it comes to monetary losses. Often the bulk of the samples consist of small to moderate quantities, with just a few data points that stand out from this bulk and might be regarded as outliers. At the very least, whether all the data should be treated as one combined sample is questionable.
Mathematical trend calculations and their significance are not concerned with what lies behind the data. They assume equal validity for each single value. Sometimes adding or removing a single data point and shortening or extending the length of the series by a single year changes a trend's significance. And we need to be aware of the fact that one sample includes, for instance, data points from Bangladesh in 1970 , China in 1980 , Brazil in 1990 , the US in 2000 and the UK in 2010. We would sound a general note of caution with regard to the purely mathematical treatment of disaster loss data. They are neither accurate nor of equal uncertainty and still less consistent in their nature. Analyses can and even must be done, but their interpretation should not only consist of the result of a mathematical procedure. We would argue in favour of a stronger emphasis on plausibility and on the visual picture a time series displays. We do not always need to prove something, but rather to find out something. And the absence of mathematical evidence is not necessarily evidence of an absence of change. Figure 8 shows three trend curves: a linear trend, an exponential trend and a five-year-moving-average curve. It is obvious that the losses rise with time; with the Mann-Kendall test, an upward trend with more than 99 % significance is obtained. But what is the pattern of the trend? How it is structured is not the subject of the discussion in this paper, but it would seem that an exponential model is more suited than a linear one. The data in the graph can be regarded as sufficiently consistent, but some reporting bias may be involved as there seems to be a step around 2002 (clearly seen in the moving average line) suggesting higher awareness and consequently greater reporting frequency following that year's millennium floods.
Conclusions
Even with a relatively large quantity of data, they must be handled with due care and caution. Despite the fact that Munich Re gives such high priority to quality control, checking every single entry as thoroughly as possible, and correcting entries whenever new information is available, numbers should not be blindly crunched using statistical methods, and instead due attention is required, based on expert knowledge. Statistical analyses of natural disasters require a large set of data, but such sets must also be consistent and their components clearly understood.
A cautioning statement such as the following in EEA (2010) should itself be treated with caution: "Available information from global disaster databases is limited and suffers from a number of weaknesses. One important consideration concerns increases in the reporting of events during the past few decades as a result of improvements in data collection and flows of information. ... Hence caution is needed in assessing any time series of flood disasters from global databases." While this statement is absolutely true, it by no means signifies that databases are useless. On the contrary, global databases contain information which is badly needed and found nowhere else. The key is to deal with the data in the appropriate way, which means always treating the data for analyses and publications with the necessary caution and prudence. This implies:
Nat. Hazards Earth
1. Being aware that most individual data points represent estimates, not accurate facts.
2. Using every opportunity to confirm the validity of a figure through plausibility checks and cross-checks, and not disregarding other, deviating information, which should be taken as a sign of the need to check again.
3. Considering any possible cause of the distortion (changed environment, changed reporting, changed awareness, etc.).
4. Not using the data as pure numbers and avoiding reliance on mathematical analyses and statistical methods without knowing their "physical" characteristics and how they were produced.
5. Checking the sensitivity of the analysis result to slight changes in the dataset and to large changes in a single value. A trend may change considerably if the length of a data series is altered by adding or omitting just one year, and also if a single -large -value changes (e.g., because it is updated).
Measurements of physical parameters are practically always presented as point information. Such parameters are single components of the set of boundary conditions and input quantities. The situation in a given area is indicated by many points being aggregated on a grid in regionalised form. The loss of a natural disaster, however, is the outcome of the interaction of all input variables and boundary conditions, thus, the consequence of known and unknown interdependencies and interactions, non-stationary, non-uniform, nonlinear processes, random effects, and -sometimes highly erratic and unforeseeable -human behaviour, both of individuals and en masse. Even if we knew each and every physical parameter involved, we still could not calculate the exact outcome of a catastrophe. Therefore, the statistics of outcomes (losses) are indispensable to the assessment of future catastrophes.
